Abstract. Recently, researchers and practitioners have been increasingly interested in the problem (P) of maximizing a linear function over the efficient set of a multiple objective linear program. Problem (P) is generally a difficult global optimization problem which requires numerically intensive procedures for its solution. In this paper, simple linear programming procedures are described for detecting and solving four special cases of problem (P). When solving instances of problem (P), these procedures can be used as screening devices to detect and solve these four special cases.
Introduction
The multiple objective linear programming problem involves the simultaneous maximization of p > 2 noncomparable linear criterion functions over a nonempty polyhedron. The concept of an efficient solution has played a useful role in the study of this problem. Many of the approaches for analyzing multiple objective linear programs involve generating the efficient set or subsets of the efficient set. Included among these approaches, for instance, are the vector maximization approach, interactive approaches, and several others [see, for instance, Evans (Ref. . In addition, a special case of optimization over the efficient set, the minimization of a criterion function of a multiple objective linear program over the efficient set of the program, has several important uses in improving multiple objective linear programming procedures. It aids, for instance, in setting goals, in ranking objective functions, and in using interactive algorithms more effectively (Refs. 13-16). Mathematically, the problem of optimizing over the efficient set can be classified as a global optimization problem, since the feasible region of this problem is, in general, a nonconvex set. Global optimization problems possess local optima, frequently large in number, which need not be globally optimal. Therefore, algorithms for globally solving such problems, when available, are generally quite numerically intensive .
Some algorithms and algorithmic ideas for optimizing over the efficient set have been proposed. They invariably rely upon difficult search procedures or repeated solutions of global optimization subproblems. Philip (Ref. 12) and Bolintineanu (Ref. 19) have described procedures using local search and cutting planes which could potentially solve the problem. Benson (Refs. 20-21) has proposed two implementable relaxation algorithms for the problem. Due to the difficulty of the problem, some heuristic methods for approximating an optimal solution have also been proposed (Refs. 13, 22). None of these algorithms or heuristics attempts to detect special cases of the problem prior to the use of the main procedure.
In this paper, simple linear programming procedures are described for detecting and solving four special cases of problem (P). These special-case procedures require very little computational effort in comparison to that required by algorithms for the general problem (P). Therefore, when solving problem (P), we recommend that they be used as screening devices to detect and solve the four special cases.
In Section 2, some definitions and preliminary ideas are presented, including descriptions of the four special cases of optimization over the efficient set of concern in this paper. Section 3 gives some theoretical results. These results serve as a basis for some of the detection and solution procedures for the four special cases. In Section 4 the detection and solution procedures are described, and some conclusions are given in the last section.
Definitions and Preliminaries
Let X ~ R" be a nonempty, compact polyhedron in R ~. Assume that p = 2 and that cr~R ", i = 1, 2 ..... p, are row vectors. Let C denote the
